Dragonflies are generally not highlighted as a group of insects that inhabits saltmarshes (e.g. Cheng 1976). Foster and Treherne (1976) outline the difficulty of characterizing marine insects because many species wander in from adjacent habitats. They define marine insects as having a "habitual requirement for some part of the saltmarsh environment at some stage of their life cycle." They show Odonata species comprising 3% of saltmarsh insect fauna which is dominated by Diptera, Coleoptera and Hemiptera which collectively make up 75% of the species. Corbet (1999, page194) notes the only truly marine dragonfly is Erythrodiplax bere nice, but that there is also a "heterogenous assemblage of Zygoptera and Anisoptera that occupy brackish waters, usually of relatively low salinity compared with seawater."
Dragonflies have been reported to prey on saltmarsh tabanid flies and mosquitos, both groups of aggressive biting insects that interfere with human activities. As a consequence, questions periodically arise as to the extent of use of saltmarsh by dragonflies. Very little information on this subject is available for the maritime region of eastern Canada. Hutchinson and Bélanger (1999, 2004) have reported on adults of Sympetrum danae and Enallagma civile (respectively) using saltmarsh in the Baie des Chaleurs region. These observations suggest that use of saltmarsh by dragonflies may be more extensive than suspected. Preliminary ob servations in the Baie des Chaleurs region of Quebec and New Brunswick supported this view and suggest ed the use of saltmarsh by widespread species of dragonflies.
The objective of the work reported here was to summarize information on the late summer and fall use of saltmarsh by dragonflies in this region and to provide a basis for further analysis of evolutionary and ecological aspects of occurrence.
Methods

The study area -Baie des Chaleurs
Baie des Chaleurs is bounded on the north by the Gaspé Peninsula and on the south by northern New Brunswick (Figure 1 ). Flowing into it at its far western end is the Restigouche River, famous for fishing of Atlantic Salmon, Salmo salar. The tides are approximately 2 m high in the western basin and seawater is encountered in the estuary where it expands at Campbellton, New Bruns wick. More information on Baie des Chaleurs is available from Gauthier (2005) , but there is apparently little information other than this recent reference (National Wetlands Working Group 1988) .
Data gathering
Summarized below for the Baie des Chaleurs region are our late summer and fall observations of dragonflies in saltmarshes as well as some from the Atlantic Dragonfly Inventory Project (ADIP 2007 * ) for the same region. These observations cover the period from 22 July to 1 October over the past decade. The period of observation at any of these sites was at least 1-2 hours on any particular date. A list of observations at each site is followed by an annotated list of species and additional summary comments. In discussing the observations, the term "frequent" indicates a species seen often (e.g. at many sites) whereas "abundant" refers to a relatively large number of individuals at one or more sites.
All of the sites noted were dominated by plant species considered to be obligate halophytes, including two species of Spartina (S. alterniflora and S. patens), and Ruppia maritima was present in pools at most sites. The presence of these and other obligate halophytes indicates clearly that the sites were saltmarshes subject to periodic inflow of saltwater. Voucher specimens for the records of dragonflies for Baie des Chaleurs and elsewhere in Acadia are at the Canadian National Collection at the Agriculture and Agri-food (AAFC) Central Experimental Farm in Ottawa (Canadian National Collection CNC), and in the insect collections of the Nova Scotia Museum (NSMNH), the New Brunswick Museum (NFM) and the personal collection of P. M. Brunelle.
Comparisons
To explore differences between dragonfly occurrence in Baie des Chaleurs and elsewhere on the North Atlantic coast, the number of sites recorded for species of dragonflies in Baie des Chaleurs was compared with similar data (ADIP 2007*) for the rest of Acadia (Canadian Maritime Provinces and the state of Maine) outside of Baie des Chaleurs. Only records for the period from 22 July until the end of October are included in the comparison to represent late summer and autumn use of saltmarshes, and all records are for the past decade. Number of sites where a species was present was expressed as a percentage of total saltmarsh sites visited. The extent to which the Baie des Chaleurs dragonfly fauna is different was explored us -ing a Chi-square test and percentage frequency elsewhere in Acadia to predict percentage frequency in Baie des Chaleurs. The test also allows the comparison of Chi-square values for individual species, but considering the sample size, the values are most useful to identify species contributing substantially to differences between Baie des Chaleurs and elsewhere, rather than to indicate a specific level of significance.
Results
Sites and species present
For each site, observation dates are given followed by species in alphabetical order and number of individuals seen in brackets. The total for each site and the size and nature of the area surveyed are also given. In cases where we are not the observers, the observers are listed at the end. A total of 18 species of Odonata was encountered in 14 saltmarshes in the Baie des Chaleurs in late summer and autumn. (1), S. internum (4), S. obtrusum (1). Total: 4 species. Size: 5 acres with pools and creeks. 
Annotated List of Species (alphabetical order)
Aeshna canadensis: at 10 sites and frequent at some, apparently uses saltmarsh regularly as an adult hunting on salty pools of the outer marshes which are influenced by tides regularly, as well as inner brackish pools; seen to oviposit in saltmarsh pools. A larva 20 mm long that was probably (but not definitely, due to difficulty of identifying young larvae) referable to this species was retrieved from a periodically brackish pool dominated by Ruppia maritima (site 7).
Aeshna interrupta lineata: only one at one site but of interest because this subspecies exists at low frequencies in the Atlantic provinces and is largely confined to the Gulf of St. Lawrence area. The specimen was referred to subspecies lineata on the basis of uninterrupted lateral stripes. This species is reported to tolerate saline waters (Dunkle 2000) .
Aeshna umbrosa: only from two sites but five adults seen patrolling saltmarsh ponds; at the other site two young larvae probably referable to this species (21 and 23 mm long) were found in a brackish pool dominated by Ruppia maritima (site 7) -due to their small size, identification is tentative; mature larvae of this species were found in water-filled pockets within the storm splash zone of a sea cliff near Port-auSaumon, Quebec (Hutchinson 1999) ; and D. Sabine (personal communication) found larvae in a small depression pool in a seaside boulder within the tidal splash zone on the Fundy shore of New Brunswick.
Enallagma civile: two sites; twenty-six captured (most released), many paired, were flying over a periodically brackish creek in saltmarsh with mostly Ruppia maritima, also Zannichellia palustris, Potamogeton pectinatus, lined by Spartina alterniflora (site 8). Enallagma civile was first reported from this region by Hutchinson and Bélanger (2004) , and their report was from a saltmarsh habitat at Carleton (site 9), where they observed oviposition behaviour (but did not actually see eggs). Osborn (1906) reported a tolerance of brackish water.
Enallagma ebrium: only one at one site, so likely vagrant. Ischnura verticalis: abundant at each of two locations; more than 200 seen around pools with Potamogeton pectinatus and Ruppia maritima with Spartina pectinata fringe, some ovipositing, and at the the same location four larvae 17-21 mm long referable to this species were collected from the pools (site 7); more than 100 were seen around spring-fed pools surrounded by Spartina pectinata, Spartina alterniflora, Spartina patens and species of Scirpus (site 8). In both cases the pools were fed by freshwater springs but were definitely subject to saltwater during high tides.
Lestes congener: at seven sites and at least 82 individuals overall; given the number of sites and the number of individuals this species may be a resident of saltmarsh; several pairs seen ovipositing on Juncus balticus and Juncus gerardii around brackish pools with Potamogeton pectinatus and Ruppia maritima (site 7).
Lestes disjunctus: at five sites; but not as abundant as L. congener.
Lestes forcipatus: only one at one location.
Libellula quadrimaculata: at three sites; adults patrolled a brackish pool at site 1; said to tolerate saline waters (Dunkle 2000) .
Pantala flavescens: only one at one location and probably a migrant.
Somatochlora elongata: only found at one location, but four seen over pool with Ruppia maritima surrounded by Spartina alterniflora, S. patens, S. pectinata, and Carex paleacea, flood- ed by high tides in fall according to local residents (site 1). This species has also been reported from four other saltmarshes in Acadia (Table 2) .
Sympetrum danae: at 12 sites, and abundant on the north side of the bay, patrolling saltmarsh pools very much like Erythrodiplax berenice does in saltmarshes further south on the Atlantic coast. Two females were seen ovipositing in a pool 25 m 2 with a thick bed of Ruppia maritima surrounded by Scirpus spp., Juncus gerardii and Spartina alterniflora (site 4, Figure 2 ). The pool was said by local people to be flooded by high tides in spring and fall. Ovipositing behaviour was also observed in saltmarsh ponds at Carleton but eggs were not actually seen. The species appears to be less frequent in the saltmarshes on the south side of the bay. Hutchinson and Bélanger (2004) have previously drawn attention to the utilization of saltmarsh by adults of this species and suggested the possibility that larvae may mature in brackish pools. High salinity of spring and fall high tides may be avoided by the resistant egg stage that overwinters. Larval development may be relatively rapid (Corbet 1999) and allow use of saltmarsh pools during periods of minimal tidal impact. Although the larval habitat of this species is widely reported in both Europe and North America as oligotrophic pools and small lakes on bogs and heathlands, it also inhabits very alkaline fens in eastern and northern Canada. Consequently saltmarsh pools would not be so remarkable a habitat. Interestingly in Ireland, males are said to be non-territorial (Nelson and Thompson 2000 * ), contrary to some of our observations on saltmarsh pools. In some places within its holarctic range, S. danae is reported to migrate (e.g. Corbet 1999, page 420). Ability to utilize brackish habitats may be beneficial to migrants over water in the maritime regions where landfall may have only brackish habitat.
Sympetrum internum: at nine sites and abundant at some. One emerging from a pool surrounded by Spartina pectinata in upper marsh (site 2) and tenerals in several sites; uses saltmarsh extensively as an adult and the upper marsh at least to some extent as larval habitat.
Sympetrum costiferum: at five sites; two emerging from brackish 1 ⁄ 2 acre pool with dense beds of Ruppia maritima surrounded by Spartina alterniflora, S. patens, S. pectinata and Carex paleacea, flooded by high tides in fall according to local residents (site 1); one emerging from sandy bottom creek with Ruppia maritima and Enteromorpha sp. (site 3). Apparently uses saltmarsh habitats for development but in low numbers, possibly due to limited amount of sandy larval habitat in most marshes. According to Walker and Corbet (1975) , S. costiferum appears to be more tolerant of saline waters than other species of Sympetrum, but they are not clearly referring to sodium salts. Dunkle (2000) also refers to tolerance of saline waters.
Sympetrum obtrusum: at five sites but no strong evidence of use of saltmarsh as larval habitat by this widespread and generally abundant species.
Sympetrum vicinum: at two locations but at one of these two were emerging from brackish 1 ⁄ 2 acre pool with dense beds of Ruppia maritima surrounded by Spartina alterniflora, S. patens and S. pectinata, and Carex paleacea, flooded by high tides in fall according to local residents (site 1).
Discussion
Comparison with saltmarshes elsewhere in Acadia A total of 35 species has been recorded from saltmarshes in Acadia (Table 2) . Several occurred in relatively high frequencies in both Baie des Chaleurs saltmarshes and saltmarshes elsewhere in Acadia suggesting some degree of salinity tolerance. Included in this category are Aeshna canadensis, A. umbrosa, Enallagma civile, E. hageni, Ischnura verticalis, Lestes disjunctus, Libellula quadrimaculata, Sympetrum danae, S. internum and S. obtrusum. With a Chi-square value of 912.707, the saltmarsh dragonfly fauna of Baie des Chaleurs is significantly (well below the 0.005 level) different from that of the rest of Acadia based on frequencies predicted from the latter region. Based on Chi-square values exceeding 10.0 (significance below the 0.005 level), Baie des Chaleurs saltmarshes differed from sites elsewhere in having significantly more sites for six generally widespread species that occur throughout Acadia ( 
General Observations
With 35 species of adult dragonflies recorded in saltmarshes in Acadia and 18 in Baie des Chaleurs, and in both cases, approximately half of them occurring in more than 15% of sites, substantial use by dragonflies is suggested. This is further supported by records of emergence, presence of larvae, ovipositing behaviour and relatively large numbers of individuals.
In a number of saltmarsh habitats further south on the coast of New England, the only abundant dragonfly species that we have observed using the saltmarsh habitat in late summer is the saltmarsh specialist, Erythrodiplax berenice. It is often present in large numbers (to 30 per acre), the males patrolling pools, the females along the marsh edges but pairs frequent over the marsh in early to mid-morning. Other Odonatists have also noted that in many saltmarshes the only dragonfly present is E. berenice (D. Paulson, personal communication). Other species fly over the marshes including the migratory Anax junius, Tramea spp., and Pantala spp. All of these may hunt over the marsh but seem much more often to hunt and congregate in open shrubby areas around the marsh edge. We have seen species of Enallagma, Lestes and Sympetrum only occasionally in these more southern saltmarshes. There may be a trend toward more extensive use of saltmarsh by dragonflies in a northerly direction. Possibly saltmarshes further south are less utilized by widespread dragonfly species because salt may be more concentrated in pools of upper marsh due to higher evaporation.
Baie des Chaleurs
The fact that Baie des Chaleurs saltmarshes differed from sites elsewhere in Acadia in having very significantly more sites for six generally widespread species, including Lestes congener, Sympetrum danae, Aeshna canadensis, Sympetrum costiferum, Lestes disjunctus, and Sympetrum internum (in order of decreasing significance), suggests either that there has been some adaptation to saltmarsh conditions by these wideranging species in this region, or that saltmarshes in this region are more readily colonized as a result of unique characteristics, or both. Baie des Chaleurs is home to an endemic and endangered saltmarsh butterfly, the Maritime Ringlet (Coenonypha tullia nipisiquit, McDunnough 1939) . Recent studies have suggested that this butterfly has evolved physiological adaptation to saline wetland conditions including tolerance of tidewater submergence for up to 24 hours (Webster 1998; Sei 2004) . The endemic but somewhat more widespread Maritime Copper Butterfly (Lycaena dos passosi McDunnough) is also confined to the saltmarshes of northern New Brunswick and Gaspé (Thomas 1980) . Unique charaterisitics of Baie des Chaleurs saltmarshes may be widespread or local, or both. Parts of saltmarsh are prohibitively salty for non-adapted species only during high tides in the spring and fall, and even then saltwater may be somewhat diluted due to the estuary effect. There are distinctive east and west basins and in the west basin, where most of our observations were made and where the Maritime Ringlet occurs, the tides are higher and salt concentrations lower than in the east basin (Gauthier 2005) . It has been suggested that saltmarshes can be divided into two kinds, estuarine such as Baie des Chaleurs, and coastal (National Wetlands Working Group 1988) . Although the difference between the two types is not perfectly clear, conditions of inundation and salt concentrations in coastal saltmarsh would be more severe.
Saltmarshes have periodic inundation in common, but the timing and duration may vary as well as the salt concentrations. Furthermore, occasional lack of ice development in the bay may result in severe impact of high tide associated with winter storms on some saltmarshes, while others may be protected by barrier beaches (Webster 1994 (Webster * , 1998 . Local amelioration of salty conditions in certain saltmarshes, superimposed on regional amelioration, may provide an environment where tolerant species can exist and adaptation can occur.
Tolerance of salt
Although the places where dragonflies were recorded in Baie des Chaleurs saltmarshes may not have been consistently high in salt concentration, they were definitely brackish, were part of a tidal salt marsh subject to periodic inundation with salt water and subject to salt to the extent of excluding non-halophytic flora. Species of dragonflies differ in their ability to cope with salt (Cannings and Cannings 1987) . Of the 18 species found in Baie des Chaleurs, Aeshna interrupta, Libellula quadrimaculata, Sympetrum danae, and S. costiferum are reported by Dunkle (2000) to tolerate saline water. However, Walker (1953 Walker ( , 1958 , Walker and Corbet (1975) , Pilon and Lagacé (1998) do not report any of the species listed here as occurring in saltmarsh. Observations in Baie des Chaleurs suggest that dragonflies occupy saltmarshes to a greater extent than is currently documented. Ecological and evolutionary aspects, including extent to which local adaptation has occurred, require more study, particularly directed towar d larval occurrences and comparisons with other habitats in the surrounding landscape.
